Recent studies have demonstrated that patients suffering from frontotemporal lobar degeneration (FTLD) show impairments in empathy and emotional processing. In this study, we examined two different aspects of these abilities in a patient with semantic dementia (SD), a variant of FTLD. The first aspect was the assessment of the cognitive and emotional components of empathy through the Interpersonal Reactivity Index. The second was the naming and comprehension of emotions using the Ekman 60 Faces Test. The patient's emotion word knowledge was spared and the emotional aspects of empathy preserved. Conversely, the patient performed below average for all of the basic emotions when an emotion word had to be matched with a picture. When picture-to-picture matching was tested, however, the patient was able to recognize happiness. This case is a good example of a dissociation of covert and overt emotional functioning in SD. Results are discussed in terms of the impaired empathic behavior and emotional functioning in FTLD.
Introduction
Frontotemporal lobar degeneration (FTLD) is a neurodegenerative disorder predominantly affecting the frontal and temporal lobes, presenting with prominent behavioral and personality changes as well as cognitive impairment. Diagnostic criteria for FTLD agree that alteration in personality and social conduct are central clinical features of the disease (Brun et al., 1994; Cairns et al., 2007; Neary et al., 1998) . This disease is a syndrome that encompasses a spectrum of clinical variants: frontal or behavioral variants (fv-FTD), language variants (the temporal variant or semantic dementia (SD) and non-fluent progressive aphasia (NFPA)) and motor variants (corticobasal degeneration and motor neuron disease) (McKhann et al., 2001; Neary et al., 1998) . Patients with FTLD are characterized by marked changes in behavior and personality from the onset of the disease onwards (Brun et al., 1994; Wittenberg et al., 2008) . In particular, loss of empathy and emotion recognition disturbances are central symptoms of FTLD (Gorno-Tempini et al., 2004b; Lough et al., 2006; Viskontas, Possin, & Miller, 2007) .
Empathy is the ability to share the emotions and sensations of others (Lieberman, 2007; Singer, 2006) . It is often characterized as the ability to ''put oneself into another's shoes", or in some way experience another person's emotions within oneself. The absence of empathy might also be related to an absence of Theory of Mind, i.e., the ability to explain and predict other people's behavior by attributing independent mental states to them (Baron-Cohen, 1995; Becchio, Adenzato, & Bara, 2006; Premack & Woodruff, 1978) . These abilities are crucial for a higher social functioning, and when impaired, difficulty with social conduct is observed. These symptoms are observed in FTLD patients.
The relationship among empathy, emotions and behavioral disturbances has been investigated in different ways (Lough et al., 2006) . Rankin, Kramer, Mychack, and Miller (2003) used the Interpersonal Adjective Scales (IAS, Wiggins, 1995) , a self-and otherreport questionnaire based on a personality theory of interpersonal constructs, in a group of FTLD patients. They found that SD patients present with severe interpersonal coldness, whereas fv-FTD patients shift toward the opposite pattern.
In a successive study, Rankin, Kramer, and Miller (2005) investigated empathic behavior in greater depth. In a group of FTLD patients, they used the Interpersonal Reactivity Index (IRI; Davis, 1983) , a questionnaire that measures the different aspects of empathy. They found that SD patients were impaired in the emotional and cognitive components of empathy, whereas fv-FTD patients showed only disruption of the cognitive components. This difference was due to the different neuronal networks involved. Rankin et al. (2006) found that the empathy score was positively correlated with the volume of the right temporal structures in SD patients, suggesting that these areas play a major role in social conduct.
Other studies have investigated emotional functioning through facial expressions. One of the first studies carried out by Lavenu, Pasquier, Lebert, Petit, and Van der Linden (1999) described a group of FTLD patients who performed worse than Alzheimer's disease (AD) patients in naming of emotions and in recognition of anger, sadness and disgust. In this respect, several studies have reported that negative emotions are more difficult for FTLD patients to recognize than positive emotions (Diehl-Schmid et al., 2007; Fernandez-Duque & Black, 2005; Keane, Calder, Hodges, & Young, 2002) .
The neural damage in SD and fv-FTD patients is qualitatively different. As a result, the pattern of cognitive deficits is also different. In particular, voxel-based morphometry (VBM) studies have shown that SD is characterized by anterior temporal lobe atrophy (Gorno-Tempini, et al., 2004a; Patterson, Nestor, & Rogers, 2007) , whereas frontal lobe degeneration is prevalent in fv-FTD patients. Cognitively, SD is characterized by speech output and word comprehension deficits (Snowden, Goulding, & Neary, 1989 ) with a relative sparing of phonology and grammar (Hodges & Patterson, 2007) . Patients with fv-FTD, however, show more prominent impairment in dysexecutive functions (Harciarek & Jodzio, 2005; Hutchinson & Mathias, 2007; Perry & Hodges, 2000) . Rosen et al. (2004) compared groups of fv-FTD and SD patients, finding that both groups had a decreased performance compared to healthy controls in matching, naming and discriminating negative facial expressions. Nevertheless, SD patients were not impaired in recognition of happiness (see also Rosen et al., 2002) in comparison to fv-FTD patients (Rosen et al., 2004) .
To study empathic behavior, emotion recognition and their relationship in SD, we present a case report exploring: (1) the cognitive and emotional components of empathy through the IRI (Davis, 1983) and the emotion word knowledge questionnaire (Werner et al., 2007) and (2) the emotional functioning through facial expression recognition by means of the standard Ekman 60 Faces Test. A modified version of this test was also used, in which the patient was required to make picture-picture matches instead of a picture-word matches. This allowed us to avoid any confounding effect related to the language impairment.
Methods

Case report
The patient (CMR) was a right-handed, 67-year-old female with 8 years of education. She was recruited at the San Giovanni di Dio Fatebenefratelli Scientific Institute in Brescia, Italy.
The patient was diagnosed with SD, a language variant of FTLD, according to published criteria (McKhann et al., 2001; Neary et al., 1998) . She was characterized by a prominent comprehension disorder (impaired understanding of word meaning and/or object identity) and naming difficulties. The patient had been regularly examined for at least 1.5 years, and the initial diagnosis was confirmed at follow-up. Spontaneous speech was fluent and characterized by semantic errors and anomia, without disturbances in articulation. The patient underwent a detailed clinical and neurological evaluation. Upper limb apraxia was evaluated by using a movement imitation test (De Renzi, Motti, & Nichelli, 1980) . Routine laboratory tests, including thyroid hormone dosage, vitamin B12, and serum folate and syphilic serology, were evaluated. The patient did not have potentially confounding neurological or psychiatric disorders, hearing or vision impairment, or a past history of alcohol abuse, psychosis or major depression.
The patient underwent a structural brain MRI, and visual ratings of MRI images were compatible with the clinical diagnosis. The MRI scan detected a left temporal lobe atrophy with consequent enlargement of ventricles associated with signal abnormalities within the right inferior parietal cortex (see Fig. 1 ).
General neuropsychological and behavioral assessment
Extensive neuropsychological assessment was performed, including tests for global functioning, learning and memory, nonverbal reasoning, language, as well as visuospatial and visuoperceptual, attentional, executive and praxis functioning.
The patient had a score of 26/30 on the Mini Mental State Examination (Folstein, Folstein, & McHugh, 1975) , retrieving three out of three items on the delayed recall test. Detailed neuropsychological testing showed long-term memory and language impairments and difficulties in recognition of famous faces, whereas visuospatial, perceptual and praxis abilities were spared. The results of the baseline cognitive assessment are reported in Table 1 .
Language functions, such as repetition, naming, reading, writing and comprehension, were formally assessed with the full Italian version of the Aachener Aphasia Test (AAT) (Luzzatti et al., 1994) . Picture naming was assessed using the Batteria per l'Analisi dei Deficit Afasici (BADA; Miceli, Laudanna, Burani, & Capasso, 1994) , an action and object-naming task for aphasia. Formal speech evaluation demonstrated normal motor speech, reading and writing skills, but a marked deficit in word retrieval and sentences compre- hension. Auditory verbal comprehension in a conversation setting was normal. In the Token test of the AAT, however, auditory verbal comprehension was preserved for simple commands (see Table 1 , panel B).
The spontaneous speech of the patient was fluent with normal articulation without jargon output and echolalia. Repetition, reading and writing were spared. Picture naming was severely impaired. The patient produced the correct response to 6/30 objects (20%) and to 12/28 actions (43%) in an oral naming task. Incorrect responses resulted from semantically related responses, semantic circumlocutions or anomia.
Nonverbal cognitive tests did not reveal buccofacial, ideomotor or constructive apraxia.
A detail assessment of visuoperceptual abilities was performed (see Table 1 , panel C). The patient had normal performance on basic visuoperceptual abilities assessed with The Visual Object and Space Perception (VOSP) (James & Warrington, 1991) . She performed poorly on only the silhouettes and object recognition subtests. It is important to note that the pathological scores in these two latter subtests could be biased by the language deficits.
On the facial recognition test (Benton, Sivan, Hamsher, Varney, & Spreen, 1990) , which required the patient to match unfamiliar faces, the patient obtained a borderline score (39 out of 54 correct responses, cut-off score 38).
The patient's performance was unimpaired on the gender judgement task. In this task, a set of 64 pictures portraying unfamiliar male and female faces were used. Half of the faces depicted all the facial features, the other half were without external features (e.g., no hair). Stimuli were presented on the monitor of a Computer and remained on the screen until a response was made. The patient performed this task perfectly (100% of correct responses). On the recognition of famous faces task (Rizzo, Venneri, & Papagno, 2002) , the patient failed to retrieve semantic knowledge and naming of famous people upon picture presentation. In this test, half of the pictures were of famous faces and the other half were unfamiliar faces. Pictures were presented and the patient was required to recognize the famous faces, provide semantic knowledge and name them. In the fame judgement subtest, the patient correctly recognized 18 out of 50 famous faces.
Finally, on the recognition of famous names task (Bizzozero, Lucchelli, Pozzoli, Saetti, & Spinnler, 2007) , which required the patient to recognize famous names printed on a sheet, half of the names were of famous people and the other half were unfamiliar. In this task, the patient performed below cut-off levels.
In summary, the patient showed a fluent progressive aphasia with naming and comprehension difficulties, a loss of verbal and nonverbal semantic knowledge about objects, concepts, people, meaning of words and recognition of famous faces.
In addition, behavioral and social changes were assessed with the Frontal Behavioral Inventory (FBI: Kertesz, Davidson, & Fox, 1997) , a caregiver questionnaire designed to operationalize and quantify the personality and behavior changes in FTLD. The FBI is a 24-item scale, composed of two subscales for negative (FBI-A) or positive behaviors (FBI-B). The patient showed clear pathological behavioral changes due to the disease (raw score of the Italian version of FBI = 36; Alberici et al., 2007) . In particular, she showed apathy, indifference, disorganization, inattention, logopenia and semantic anomia (FBI-A) as well as irritability, impulsivity, aggression and hyperorality (FBI-B).
Empathy and emotion recognition tasks
Interpersonal Reactivity Index
The Interpersonal Reactivity Index (IRI; Davis, 1983 ) is a 28-item questionnaire consisting of four 7-item subscales that measure both the cognitive and the emotional components of empathy. The four subscales are: (1) perspective taking (PT), i.e., the ability to adopt the viewpoint of others in everyday life, (2) fantasy (FS), i.e., the tendency to project oneself into the place of fictional characters, (3) empathic concern (EC), i.e., the feelings of sympathy and concern for people involved in unpleasant experiences and (4) personal distress (PD), i.e., the distress that results from witnessing another's negative emotional state. The PT and FS subscales measure the cognitive aspects of empathy, while subscales EC and PD measure the emotional aspects. In this study, we used an IRI questionnaire that was validated on the Italian population (Albiero, Ingoglia, & Lo Coco, 2006) . In order to assess the changes over time in the patient's empathy, we asked her daughter and husband to indicate how well each item described the patient both currently and prior to the onset of the disease using a five-point scale.
Emotion word knowledge questionnaire
As shown by the neuropsychological assessment, the patient presented with a degradation of semantic knowledge that could also involve emotion word knowledge. We investigated the integrity of such knowledge with an adapted version of the emotion word knowledge questionnaire proposed by Werner et al. (2007) . This questionnaire investigates the knowledge of emotion terms by asking the patient to answer the following questions that are based on ecological situations: ''How would you feel if. . ." (1) someone steals your wallet? (anger), (2) you smell dog poo? (disgust), (3) a man points a gun at your head? (fear), (4) a new grandchild born? (happiness), (5) your good friend dies? (sadness) and (6) something unexpected happens? (surprise). For each question, the patient had to choose an answer from the list of six basic emotion terms.
The standard Ekman 60 Faces Test
The Ekman 60 Faces Test uses a range of faces to test the recognition of six basic emotions (anger, disgust, fear, happiness, sadness and surprise). In this test, photographs of the faces of 10 models (six female and four male) selected from the Ekman and Friesen (1976) series are presented. For each model, there are poses corresponding to each of six basic emotions. Each face is presented on an A4 sheet with six labels of basic emotions below the photograph. The patient was required to respond verbally, deciding the label that best described the facial expression shown. The maximum score was 10 for each basic emotion (for a total score of 60).
The modified Ekman 60 Faces Test
In order to exclude any verbal bias in the patient's responses, we used a modified version of the Ekman 60 Faces Test. The same photographs of the standard version were used but, instead of verbal labels, another six photographs displaying the six possible basic emotions were presented below the target stimulus (always three female and three male). The patient was required to choose the photograph that matched the target stimulus, and was assessed in this version a week after the original version.
Results
Interpersonal Reactivity Index
In a preliminary analysis, the scores of the patient's daughter and husband were compared using the Mann-Whitney U test. No difference was found in any of the subscales. Thus, their scores were added together.
We used the Wilcoxon signed rank test to compare scores of past and current empathy status. Significant differences were found in both the PT (score: before = 54, current = 34) and FS (score: before = 43, current = 31) subscales (z = 2.198, p = 0.028 and z = 1.968, p = 0.049, respectively). No significant differences were found in the EC (score: before = 46, current = 40) and PD (score: before = 51, current = 42) subscales. The total score comparison was significant (before = 194, current = 147; z = 3.122, p = 0.002).
In order to evaluate the patient's performance in the two components of empathy (cognitive and emotional) predicted by Davis (1983) , the PT and FS subscales were summed together in a further analysis to provide a total cognitive empathy score and EC and PD were summed together to provide a total emotional empathy score. A significant difference was found for the cognitive component (score: before = 97, current = 65; z = 2.948, p = 0.003). No difference was found in the emotional component between the preand post-disease condition (score: before = 97, current = 82). For details, see Table 2 . * Score before and current statistically different (p < 0.05).
Emotion word knowledge questionnaire
The patient consistently reported the correct emotion required to be matched by the questions (emotion word knowledge questionnaire score = 6/6 correct responses). Table 3 describes the patient's results to the standard and to the modified version of the Ekman 60 Faces Test. These results were compared to the cut-off for the healthy population between 61 and 70 years old reported in the Facial Expressions of Emotion Stimuli and Tests manual (Young, Perrett, Calder, Sprengelmeyer, & Ekman, 2002) . In the standard version (i.e., with six labels of basic emotions below each photograph), the patient's performance was below the cut-off for all basic emotions.
The Ekman 60 Faces Test (standard and modified version)
In the modified version (i.e., with six faces displaying the six basic emotions below the target stimulus), the performance improved. The patient correctly matched all faces depicting happy emotions (100%), whereas she performed poorly on all other basic emotions, especially for sadness (0% of correct responses). Fear was recognized above the cut-off when the cut-off of the standard version of the Ekman 60 Faces Test was taken into account. The recognition of the other basic emotions (anger, disgust, sadness and surprise) was impaired as well.
To verify statistical differences along the distribution of the proportion of correct responses for the modified version, a v 2 analysis was performed. The analysis showed that performance for happiness was significantly different from those of the other facial expressions (v 2 (5) = 12.68, p = 0.03).
Discussion
In the present study, we have described empathy and emotional processing in a patient with SD. Empathic behavior was investigated for its cognitive and emotional components, and emotional processing was studied through facial expressions. The primary finding of this study was that the cognitive component, but not the emotional component, was affected by the disease.
Empathy is an ability underlying the social interaction and the comprehension of the viewpoint of others in everyday life. Comparing the scores of past and current empathy status, we found significant differences in both the PT and FS subscales but no significant differences in the EC and PD subscales of the Interpersonal Reactivity Index (IRI). A further analysis, in which the subscales were collapsed in order to evaluate the patient's performance in the two components (cognitive and emotional), showed a significant difference for the cognitive component between the pre-and post-disease condition. Interestingly, these differences were not observed for the emotional component.
This unexpected finding could be explained in terms of the neuronal networks involved. In our patient, the atrophy was prevalent in the left hemisphere, whereas SD patients in the study reported by Rankin et al. (2005) had more bilateral temporal atrophy. In a voxel-based morphometry study, Rankin et al. (2006) showed that empathy scores in SD patients correlated with right temporal lobe atrophy. The authors found out that SD patients were impaired in both the emotional and cognitive aspects of empathy. It is therefore possible that the emotional aspects of empathy are more localized in the right hemisphere than in the left.
With regard to emotional recognition processing, the patient's performance was consistent with previous data published in literature (Lavenu & Pasquier, 2005; Lavenu et al., 1999; Rosen et al., 2002 Rosen et al., , 2004 Rosen et al., , 2006 . In the standard version of the Ekman 60 Faces Test, the patient scored below cut-off for all basic emotions, indicating that emotional recognition was impaired.
In a picture-picture matching task (i.e., the modified version of the Ekman 60 Faces Test), our patient performed well in the recognition of happiness. This may be due to two main reasons: happiness is easier to recognize than negative emotions (i.e., Sullivan & Ruffman, 2004) or because recognition of happiness is processed by a neuronal network (including the amygdala and orbitofrontal cortex; Rosen et al., 2002) that is not affected in our patient. But this result, however, also suggests that the recognition of emotions, especially those that are negative, is independent of the language impairment, which is the core deficit in SD pathology. Face matching tasks were frequently used in the literature but, to our knowledge, the concomitant use of the standard and the modified version of the Ekman 60 Faces Test was employed here for the first time. A recent study by Diehl-Schmid et al. (2007) applied the classical version of the Ekman 60 Faces Test and showed that it is a good discrimination tool for FTLD diagnosis. Patients with FTLD scored significantly lower compared to healthy controls and below cutoff in recognition for all emotions except for happiness.
Several studies have employed nonverbal tasks in facial expression recognition in FTLD patients, but detailed results regarding all the basic emotions were not reported. Rosen et al. (2002) , for example, showed that SD patients performed worse than controls when they were required to name emotions from faces. Furthermore, they also performed worse when selecting the correct facial expressions among a series of photographs and in a picture-picture matching task. Overall, only happiness was correctly recognized. The authors, however, did not report the presence of any other differences among the emotions between the two tasks. In a successive study, Rosen et al. (2004) confirmed the same results in a group of SD patients compared to a group of fv-FTD patients.
Another issue raised from our findings concerns the dissociation between defective language comprehension and emotion knowledge. Our patient reported the appropriate emotional status in the questionnaire of emotional word knowledge (adapted from Werner et al., 2007) . This means that her knowledge regarding emotion terms was preserved, excluding any hypothesis of a defect in comprehension.
Taken together, emotional reactivity per se persists in our patient, but the cognitive mechanisms involved in the interpretation of emotion are no longer available. This is consistent with a recent study by Werner et al. (2007) , who showed that FTLD patients (fv-FTD and SD) had a preserved capacity to feel emotions and showed physiological reactivity in response to emotional films. More interestingly, in the study by Werner et al. (2007) their SD patients were capable of recognizing fear in film clips, whereas fv-FTD showed poor recognition. This is consistent with our patient's ability to recognize fear in the modified version of the Ekman 60 Faces Test.
These results indicate that our patient is still able to feel emotions (due to the spared emotional component of empathy), even though the overt recognition is dramatically impaired. This interesting data could explain why the behavioral disturbances in the social conduct are very common in SD patients from the onset of the disease. These patients can experience the emotions, but the impaired cognitive recognition prevents them from executing a congruent behavioral response. This also suggests that the assessment of these abilities in SD patients could have clinical significance in improving the diagnosis.
